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Abstract 
The paper discribes  the way it is possible to make concrete in the severe environment of a swimming hall (high content of 
chlorine) in which all the coarse natural gravel is replaced by coarse granulate produced out of demolition waste. Normally by 
replacing natural gravel in concrete with a product such as broken material the amount of cement will increase because the used 
material will need more water per cubic meter of concrete. Because increasing the water content will also higher the cement 
content in the same environmental class (EN 206 according to the European concrete standard) in this case the use of the rapid 
chloride migration test gave the results that made it possible to lower the cement content to a maximum of only 120 kg and apply 
ground granulated blast furnace slag as a binder component. In this way it was possible to lower the environmental impact of the 
concrete. In the paper will also be explained and calculated the environmental profit of lowering the cement content as the use of 
a secondary material as coarse aggregate in concrete. The environmental impact from the primary proposed concrete and used 
concrete will be shown in LCA made for the project of the swimming hall build in Maastricht in the Netherlands. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The building and construction industry is one that has a high influence on the output of carbon dioxide and the 
depletion of virgin materials. One of the main contribution to the output of CO2 is the use of cement in the 
construction. One ton of Portland clinker equals about 750 kg of CO2 [1]. By lowering the amount of cement in a 
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cubic meter of concrete, it is possible to lower the environmental impact of a cubic meter of concrete. The problem 
with this kind of approach is that in most parts of the world the minimum amount of cement in a cubic meter of 
concrete is a fixed number by the guidelines that apply to the construction business Due to this restriction and also 
that in most case there also applies a environmental class to the concrete structure. The environmental class in the 
guideline is fixing the maximum water cement ratio. In this way the durable construction is gotten by means of 
deem to satisfy.  
In this article it will be made clear that by designing the concrete mix in a smart way – designing the concrete on 
base of its properties - it is possible to get a sustainable and durable concrete. The second part of the paper will deal 
with the use of aggregates made from demolition waste as a replacement for virgin aggregates in concrete. By using 
the basic way of calculating the environmental impact of the replacement of the coarse aggregate in concrete the 
environmental profit will very small or depending on the place even be negative. But by looking at environmental 
impact with a broad view of the total impact, that is not only by scoring on a certain scale, but looking at the 
problem in a more holistic way there will be environmental benefits that are not considered in the normal scoring of 
LCA ( Life Cycle Analysis) way of classifying the impact. The LCA method scores certain aspects of the used 
material as well during production as in use. The method is also known as the cradle to grave method. By using it on 
concrete because the used materials are abundant available in the world.  
2. Concrete  
The normal used kind of concrete in the application for a swimming pool will be in the Netherlands the 
following: 
Strength class of C28/35 and environmental class of XD3 – concrete changing wet and dry in in contact 
with water with chlorides according to EN 206. This starting point gives the following concrete mix. 
Cement 360 kg 
Water cement ratio 0.45 
The cement content gets this high because the concrete mix requires at least 165 liter of water. 
On this mix there were carried out test to get an indication for the chloride migration in this concrete. Because of the 
outcome of these test the following change in the concrete mix design was made. The water cement ratio was 
increased from 0.45 to 0.50 This means that the environmental class changes from XD3 to XD2 this lowers the 
amount of cement with about 30 kg per cubic meter of concrete. This means that the environmental situation 
changes from cyclic wet dry to constantly wet  
The second change that was considered was changing the cement binder from  only Portland to a mix of Portland 
clinker and Ground granulated blast furnace slag (GGBS). The use of GGBS has a very positive effect on the 
diffusion of chloride in to the concrete.  
In this way the concrete mix got the following composition: 
 CEM I  120 kg 
 GGBS   240 kg 
 Water cement ratio  0.50 
 
This gives an improvement of the environmental impact of the used concrete on the emission of CO2 by 66%. This 
improvement was only possible by testing the concrete mixes on their behavior for chloride diffusion. Because the 
way LCA calculation works this gives the same improvement for the LCA. This happens because there is no CO2 
impact allocated to GGBS. All the CO2 is allocated to the steel that is produced. The GGBS is classified as rest 
product. In figure 1 there is given an impression of the swimming pool during the building phase 
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Fig. 1. Impression of the swimming pool 
3. Demolition waste 
In the Netherlands about 24 * 109  kg demolition waste each year is produced.  
 
Fig 2. Amount of demolition waste Netherlands 
Till now this amount of material is for a great part used as a subbase in road building. Because the building rate 
in the infrastructures is declining, there will be a surplus in the coming years of this kind of materials. To solve this 
the use of the material in concrete as a coarse aggregate would be beneficiary.  Because use it as a landfill material 
is not possible because of the following. The Netherlands is too small to find a place for this amounts of materials 
each year. The surface of the Netherlands is about 41000 km2. If it will not be used as a component in concrete or 
another useful application the amount will cover 300 soccer fields with a height of 10 meter with this waste  But 
using it as coarse aggregate in concrete does not give a positive result for the environmental index. This is because 
to produce suitable aggregates for the use in concrete from demolition waste needs a lot of energy for the breaking 
and sieving of the material.  
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Also the aggregates are not round but instead angular. This fact makes it necessarily to use more cement in the 
mix because the mix needs more water for the same process ability of the concrete. Also there is more than enough 
coarse stony material in the world so if the material there will be no depletion of the virgin material.   
But in a small land there is no capacity to use demolition waste as a landfill material or even worse as a deposit. 
This means that not using the aggregates from demolition waste in a way that will not burden the living space of the 
mankind will have a negative effect on the environment in total because in that way our burden on the system will 
be greater than the capacity of the system. 
 
Fig.3 Finished swimming pool 
4. Concluding Remark 
The use of aggregates from demolition waste in concrete will be beneficial for the environment because the 
burden on the system will be less than the capacity of this system. So a more holistic view on the environment will 
be more beneficial than scoring on one single indicator such as CO2. 
To improve the environmental impact of concrete is not a simple way of exchanging cement or coarse aggregate 
for other substances. To make this happen it is necessary to stop using the system of EN 206 to make concrete but to 
start using concrete that is designed for its purpose. 
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